Abstract: "Waters of the United States" (WoUS) are regulated by the U.S. Army Corps of Engineers under Section 404 of the Clean Water Act (33 U.S.C. 1344). The Corps lateral jurisdictional extent in Arid West stream channels is the upper level of the ordinary high water (OHW). The channel shape, fluvial textures, and vegetation patterns of these arid stream channels are heavily influenced by short-term, high-intensity or "flashy" events, which create distinctive physical features and vegetation responses. To determine vegetation and channel morphology responses, sequential aerial photos and stream gauge data for eight ephemeral and intermittent stream channels in the Arid West were analyzed. The observed patterns associated with various discharge event levels are consistent with the Corps OHW delineation manual. The use of remote sensing resources provides another critical component for aiding in the delineation of the extent of the OHW in Arid West stream channels.
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Unit Conversion Factors

Introduction
Under the U.S. Army Corps of Engineers (USACE) and the U.S. Environmental Protection Agency (EPA), "Waters of the United States" (WoUS) are regulated in compliance with Section 404 of the Clean Water Act (33 U.S.C. 1344). In arid-land stream channels, the WoUS are delineated as the extent of the ordinary high water mark (OHWM). Establishing the extent of the OHWM is often difficult because of the variable conditions that the streams regularly endure. Arid streams are frequently impacted by short-term, high-intensity or "flashy" events that occur between periods of drought. It is important to understand how vegetation and stream channel morphology respond to various discharge events.
In this project, we examined sequential aerial photographs and stream gauge data for eight ephemeral and intermittent streams in the Arid West. By analyzing aerial photos from before and after discharge events, we tried to identify how low to moderate discharges typically associated with delineating the OHW (Lichvar and McColley 2008) impact the vegetation within a variety of watersheds.
In particular, this study was addressing the following questions:
• Can we see a difference in the stream morphology or vegetation spatial arrangements as a result of a discharge event, regardless of the size of that event?
• If so, is the change in stream morphology or vegetation patterns different for larger vs. smaller events?
• Is this a useful tool for interpreting and supporting OHW delineations using various remote sensing resources?
• Do the results of evaluating the channel morphology and vegetation responses for various discharge events support the published OHW methodology (Lichvar and McColley 2008) ?
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Arid West streams
In the Arid West the vegetation along stream corridors can vary drastically from the surrounding upland vegetation, in part because of hydrologic influences along the stream corridor (Lichvar and Wakeley 2004) . Arid West streams often do not have a continuous flow; instead these streams rely primarily on storm events, which can be flashy and have dramatic effects on the channel morphology by depositing or removing large amounts of sediment. The majority of streams in the Arid West are intermittent and ephemeral, and their appearance and morphology are a result of flashy events rather than a sustained continuous flow as in more humid environments (Lichvar and Wakeley 2004) . The hydrologic regime of intermittent streams depends on water from springs or surface runoff, whereas ephemeral streams are influent, their water flow feeds groundwater, and therefore they only flow during and immediately after storm events, except in areas where stream channels are used to divert and/or disseminate seasonal irrigation (Gordon et al. 2004 , Levick et al. 2008 ).
Channel morphology is influenced by the hydrologic regime and by the tendency of the channel to establish a state of equilibrium (Field and Lichvar 2007) . These components drive the quantity of sediment deposited and eroded in the channel, in turn influencing the geometry of the channel and the surrounding floodplain. Common fluvial features typical of the perennial channel and floodplain include a bankfull channel, the active floodplain, and the terrace floodplain (Figure 1 ).
However, in the Arid West, studies suggest that intermittent and ephemeral streams do not have separate bankfull channels and active floodplains; instead the bankfull and active floodplain combine to make one active floodplain where the majority of work occurs (Lichvar and McColley 2008) . While this study does support this theory, for the purpose of the study methodology, the bankfull channel and the active floodplain were analyzed as separate units so that differences in response features could be observed. In intermittent and ephemeral streams, low-flow channels in the active floodplain differ from the bankfull channel of perennial streams. In the Arid West, the low-flow channel of an intermittent or ephemeral stream will form and relocate during low to moderate discharge events (5-10 years) instead of being maintained by continuous flows, as in perennial streams. This channel is unstable because flashy discharge events alter the hydrologic regime and because sedimentary deposits and erosional features throw the system into imbalance. 
Stream types
There are five main channel types found throughout the U.S.: discontinuous ephemeral streams, compound channels, single-thread channels, alluvial fans, anastamosing rivers, and single-thread channels with adjacent floodplains (Field and Lichvar 2007) . Table 1 describes the conditions under which each of these channels develop. During this study, only compound channels, discontinuous ephemeral streams, and singlethread channels were sampled. 
Methods
In an initial screening of potential study sites in the Arid West (Figure 2 ), we located 50 ephemeral and intermittent streams that have U.S. Geological Survey (USGS) gauge data and ample aerial photographic information to assess patterns of change associated with discharge events. Sites were further reduced based on these criteria:
• There were at least 10 years of hydrology data;
• The site locations fit within the Arid West ecologic region defined by the USACE Arid West manual (U.S. Army Corps of Engineers 2006); • There was minimal anthropogenic modification; and • The site was accessible.
Hydrologic data for each site were obtained from the USGS Web site (http://waterdata.usgs.gov/nwis/sw). Anthropogenic modification was evaluated from aerial photos and qualifiers within the USGS hydrology data. Using these four criteria, we narrowed down the original list of 50 sites to 30. We narrowed the list further based on the availability and quality of aerial photography. At least two aerial photos were necessary to determine the impacts of discharge events; this requirement reduced the site selection to 17 streams. To be able to correlate a change in vegetation pattern with a discharge event, we looked at the 17 sites to find those that had pairs of photos bracketing single three-year discharge events. This reduced the number of acceptable sites to eight (Figure 3 ). Appendix A shows the characteristics of the eight sites. Appendix B shows how the timing of the aerial photos relate to the timing and size of discharge events. Information collected for each of the eight ephemeral and intermittent streams included aerial photography with year, years between pictures, direction of stream flow, average flood frequency between pictures, and the response of vegetation to discharge events. All acquired photos were Digital Orthophoto Quarter Quadrangles (DOQQs), and aerial photographs were from USGS National High Altitude Aerial Photography Program (NHAPP) or National Aerial Photography Program (NAPP). All aerial photographs were labeled with the year of acquisition; the date within the year was not always available from NHAPP and NAPP. Imagery varied greatly depending on whether the aerials were obtained from satellite or airplane, the film used, the scale of the image, and the orientation of the image. Peak flow analysis was used to determine flood frequency (called discharge events hereafter), which was calculated using data from the USGS website (http://waterdata.usgs.gov/nwis/sw) following Bulletin 17B Guidelines (Interagency Advisory Committee on Water Data 1982).
To assess the impact of a discharge event on the eight chosen sites, we determined the change in the channel upstream from the stream gauge by viewing one aerial image prior to a discharge event and one aerial image after that discharge event (Figure 4 ). For each site, both before and after the flood event, riparian corridors were delineated for various channel features using the digital imagery within ArcView GIS (geographic information system) 3.2 and ArcMap 9.2. All mapping was done at a scale of 1:2,400 representative fraction. To better locate and identify surfaces, we used support spatial databases, including topography maps from the U.S. Geological Survey and contour lines that were created within ArcMap. We mapped the hydrogeomorphic surfaces representing the bankfull channel and the active and terrace floodplains on the aerial images. The bankfull channel and the active floodplain contain features associated with frequent flooding, including high-flow channels, unvegetated surfaces, bed and bank, and a break in slope. The terrace floodplain is above the active floodplain and contains features associated with infrequent flooding and seasonally wet areas, including increases in vegetation cover, surface relief, and surface rounding. Often there is a distinct change in vegetation at the boundary between the active and terrace floodplains ( Figure 5 ). Within these hydrogeomorphic surfaces, the vegetation was mapped and characterized as either bare/herb or shrub/tree. The vegetation type could not be determined more specifically because of the quality and scale of the images.
Once the hydrogeomorphic surfaces and vegetation boundaries were mapped, we calculated the areas for the bankfull channel and the active and terrace floodplains and for the vegetation within each of the hydrogeomorphic zones. From the areas occurring in each zone, we calculated percentages for each surface and vegetation type. We could then determine the changes in area between the two photos in each pair. 
Results
The aerial photos and the hydrogeomorphic and vegetation delineations are shown in Appendix C. Appendix D contains the data extracted from the delineations. Figures 6 and 7 and Table 2 show summaries of the data for all sites, for sites with low-discharge events, and for sites with moderatedischarge events.
a. All site s. b. Site s wi th <5-ye ar disch arge ev ent s.
c. Sites wi th >5-ye ar disch arge ev ent s. 
Discussion
Channel morphology and vegetation changes
The measurements of area for each fluvial zone generally showed small differences in channel morphology and vegetation response as a result of discharge events. The bare/herb area of the bankfull and active zones increased or stayed the same, whereas the shrub/tree area of those zones decreased or stayed the same (Figure 7) . This supports the concepts that the bankfull channel is less stable and moves around more frequently and that small to moderate discharge events remove more vegetation and transport more fluvial material in this zone. This pattern of responses fits the reactions of the intermittent/ephemeral channels in the Arid West, where the bankfull and active channels are frequently reconfigured by the movement and deposition of materials as a result of geomorphically effective discharge events in the active zone. In the terrace, bare/herb areas decreased while shrub/tree areas stayed the same or increased, implying that the discharge events had little effect and that normal, longterm vegetation successional processes were dominant.
The discharges on these channels expressed two patterns of response. The first was that the largest amount of change is within the bankfull zone, and the second is that less change occurs at the outer boundary of the active zone (Table 2 ). For discharge events less than 5 years, there was little change in channel morphology or vegetation. For events greater than 5 years, the bankfull channel got larger or was relocated, whereas the other zones either stayed the same or got slightly smaller. For discharge events greater than 5 years, the bare/herb area in the bankfull channel increased. These 5-to 10-year discharges in Arid West intermittent/ephemeral channels have been described as geomorphically effective events (Field and Lichvar 2007) ; that is, they clean out the channel, move material, and maintain the active channel appearance. Small events have almost no impact on the bankfull or active channel zones.
Changes in area represent several patterns of shifts in the channels. The aerial photos show that zone boundaries can shift to some degree without significant changes in area; that is, the zones can change in morphological design but still cover the same area. At the Mojave site, the areas of the three zones were nearly constant, but the aerial photos show that the bankfull channel was relocated by a low to moderate discharge event. In fact, the bankfull channel at several sites shifted locations and in some cases became small or nonexistent. This supports Lichvar and McColley's (2008) concept that the bankfull channel develops in the final drawdown stages of a geomorphically effective discharge event in the active zone rather than being a separate stable geomorphic unit, so that what is typically called the bankfull zone is actually a low-flow channel within the active floodplain.
The active/terrace interface margins were much more stable than the bankfull margins. Regardless of the size of the discharge event, the boundaries between the active and terrace zones remained relatively stable. (An exception is the Cristianitos site, where there's no bankfull channel and the active/terrace boundary changed in places, although the relative areas didn't change much.) Appendix E contains ground photos showing active/terrace boundaries at several sites.
Variability
Our sample size was not large; we started with 50 potential sites, but only eight met all our selection criteria. It is impossible to tell from our data if the amount of variability we saw was a result of the small sample size or is inherent to ephemeral/intermittent channels in the Arid West. However, in over a decade or more of field studies, we have observed and mapped channel morphological features in thousands of these types of channels in the Arid West and have found that these patterns of responses are typical and repeating.
Other variables can affect the vegetation and channel morphology; this study only accounted for some. In particular, we did not consider the influences of the geology and parent material in a watershed, the landscape position of the channels, the channel morphology, the size of the watershed, the land use within the watershed, or the recovery time before the second photo, any of which could contribute to the variability. However, hydrologic modeling (Lichvar et al. 2006 ) and extensive field observations suggest that the size of the discharge event is the most significant variable influencing the responses we see.
The amount of variability, as indicated by the size of the error bars in Figures 6 and 7 , is consistent with our understanding of the dynamics of ephemeral/intermittent channels in the Arid West. Figure 6 shows, for channel morphology, high variability for the area of the bankfull and active zones and low variability for the terrace. Since there was only one discharge event larger than 10 years, this is as expected; the events had little effect on the morphology of the terrace. For vegetation (Figure 7) , the variability in the various categories was similar (except for shrub/tree in the bankfull zone, which makes sense because there were very few shrubs or trees in that zone).
Tool for OHW determination
In general, the results of this study support the OHW delineation methodology for establishing the lateral extent of the OHW position used by the U.S. Army Corps of Engineers and the U.S. Environmental Protection Agency (Lichvar and McColley 2008) under the Clean Water Act by indicating that the active/terrace margin is the most consistently stable and positioned feature that allows for a repeatable delineation result. In contrast, the bankfull zone is not the same functioning channel unit as in perennial systems and is much less stable and reliable as a delineation feature. The active floodplain does therefore represent a zone that most closely fits the concept of "ordinary" discharges for use in delineating the OHW limits.
To test the strength of our technique, we compared the total areas delineated for each fluvial zone in each pair of photos. We assumed that the outer edge of the terrace should stay the same, because there were no discharge events in our study watersheds during our study period that were large enough to affect this part of the channel. Differences in the total area delineated were presumably the result of differences in photo quality and the difficulty in being precise in delineations. The differences ranged from +2.5% at Agua Fria to -7.8% (representing a loss in area) at the Santa Maria River; the other sites had differences of less than 1.5% and the mean for all sites was 2.0%. This indicates that we can expect variations in any channel morphology or vegetation category of 1-2% or more based simply on the technique, regardless of the reality on the ground.
Conclusion
With the need under the Clean Water Act to delineate intermittent and ephemeral streams in the Arid West, we feel that the use of remotely sensed resources greatly assists with offsite delineations of channel features of the OHW by reducing the time investment and improving the interpretation of the position of the OHW made during onsite visits.
The results of this study consistently show that the majority of work, whether it affects vegetation or channel morphology, occurs within the bankfull channel and active floodplain. This study also showed that the terrace floodplain maintained its vegetative and morphology composition with discharges as large as an 18.7-year flood event, the largest we studied. Data analyzed by flood events support the theory that the bankfull and active channels of intermittent and ephemeral streams in the Arid West function as one channel and that the outer boundary of this single channel represents the extent of the OHW.
This initial study had a small sample size due to study design criteria and did not account for several relevant variables, yet the results are consistent with the protocols presented in the Corps' OHW manual. With additional research and a larger sample size, we believe that stream morphology and vegetative response patterns and their relationships to types of discharge events for the bankfull and active channels and the terrace floodplain will fall more discretely into their distinct categories. 
